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Abstract
Background. The epidemic of obesity and diabetes
is increasing within the USA and worldwide. We
have previously shown that body mass index has in-
creased significantly in autosomal dominant polycys-
tic kidney disease (ADPKD) subjects seen at our
center in more recent years. However, the impact of
Type II diabetes in ADPKD patients has not been
well studied.
Methods. This retrospective cohort study compared
clinical characteristics in 44 pre-renal transplant
patients with ADPKD and diabetes and 88 age- and
sex-matched non-diabetic patients with ADPKD who
were seen at the University of Colorado between 1977
and 2008. The primary outcomes in this study were
renal volume determined by renal ultrasonography,
renal function assessed by estimated glomerular fil-
tration rate and time to onset of end-stage renal
disease or death by Kaplan–Meier analyses.
Results. Diabetic patients had significantly larger
kidney volumes than those with ADPKD alone [geo-
metric mean (95% confidence interval (CI)]: 2456
(1510–3992) versus 1358 (1186–1556) cm3, P = 0.02.
Among those whose age at hypertension diagnosis
was known, the diabetic ADPKD patients had earlier
median (95% CI) age at onset of hypertension com-
pared to those with ADPKD alone: 32.5 (28–40)
versus 38 (35–42) years, P = 0.04. Diabetic ADPKD
patients tended to have an earlier median age of death
than those with ADPKD alone.
Conclusions. Patients with ADPKD and type II dia-
betes have larger renal volumes, earlier age at diagno-
sis of hypertension and may die at a younger age
compared to those patients with ADPKD alone. This
study emphasizes the importance of diabetes risk
management in ADPKD.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD)
is the most common potentially lethal genetic disorder af-
fecting 1 in 400 live births [1]. Currently, ADPKD accounts
for between 5 and 10% of individuals initiating renal repla-
cement therapy, thus understanding the factors that impact
renal disease progression in ADPKD and implementation
of measures to preserve renal function and delay onset of
end-stage renal in this population is essential.
As the epidemic of obesity and diabetes continues to

increase within both the USA and worldwide, the number
of patients afflicted with both ADPKD and diabetes is
likely to increase. In this regard, information from our
own ADPKD center indicated that body mass index in-
creased significantly in female ADPKD patients in the
time interval 1992–2001 compared to 1985–1992 [2]. In
a more recent study of ADPKD patients with normal
renal function, 14% of the patients met the National
Heart, Lung and Blood Institiute’s Adult Panel III criteria
for the metabolic syndrome [3] while International Dia-
betes Federation criteria were fulfilled by 22% of patients
[4], thus indicating that several features of the metabolic
syndrome are present in some ADPKD patients who have
normal renal function.
A previous small study of two kindreds with ADPKD

demonstrated delayed onset of renal insufficiency among
four family members with ADPKD and type II diabetes
compared to eight non-diabetic individuals with ADPKD
alone [5]. In this study, the authors suggested that treat-
ment with the oral sulfonylurea, glibenclamide, might
block fluid secretion into cysts by blocking ATP-depen-
dent potassium channels and the cystic fibrosis transmem-
brane conductance regulator (CFTR). However,
significant variability in age at onset of end-stage renal
disease (ESRD) is common even among members of the
same family who carry the same gene mutation [6]. A
lower prevalence of diabetes has been described among
Polish patients with ADPKD compared to non-ADPKD-
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affected siblings, although the type of diabetes was not
specified in the siblings [7]. As expected, age was a sig-
nificant risk factor for diabetes in both ADPKD-affected
and non-affected individuals in this study.

To date, only one very small study has addressed the
impact of type II diabetes in patients with ADPKD. Thus,
the objective of the current study was to compare the
clinical characteristics of ADPKD patients with diabetes
to non-diabetic ADPKD individuals in our longitudinal
ADPKD database.

Materials and methods

ADPKD study subjects

The ADPKD clinical database at the University of Colorado Denver was
searched and 1340 subjects seen between 1977 and 2008 were identified
with information regarding the presence or absence of type II diabetes
mellitus. Among these subjects, 44 had type II diabetes that was diag-
nosed by their physician. Clinical data were available for 22 of the sub-
jects with ADPKD and diabetes with more limited medical history data
only available in the remaining 22 diabetic ADPKD subjects. Eighty-
eight subjects with ADPKD alone who were matched by age and sex to
the subjects with ADPKD and diabetes were selected as a control group.
All subjects met Ravine’s criteria for diagnosis of ADPKD [8]. All sub-
jects gave informed consent and the study protocol was approved by the
Colorado Multiple Institutional Review Board.

Estimated glomerular filtration rate (eGFR) was calculated from
serum creatinine using the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) formula [9].

Renal volumes were measured by standard abdominal ultrasound.
Renal volume was calculated as the volume of a modified ellipse for
each kidney using the following formula: volume = π/6 × length ×
width × depth. Length, width and depth were measured in centimeters.
Length and width were obtained from longitudinal images acquired in
planes ranging from sagital to coronal, whereas depth was obtained from
transverse images of the mid-kidney acquired in the plane perpendicular
to the longitudinal plane. Total renal volume was measured by summing
the volumes of both kidneys.

Statistical analysis

Due to the skewed nature of eGFR and total renal volumes, a natural log
transformation was applied and the transformed data were used in analy-
sis of variance with age and sex as covariates. Results are reported as
geometric mean and 95% confidence interval (CI). Kaplan–Meier survi-
val analysis was used to calculate survival time to diagnosis of hyperten-
sion, onset of ESRD and death. The survival analyses included all 44 of
the patients with ADPKD and diabetes. Chi-square or Fisher’s exact

analysis was used to determine categorical variables. Mixed models were
used to estimate the decline in eGFR and to estimate the increase in
serum creatinine per year in the ADPKD with diabetes and ADPKD
patient groups. In all analyses, P≤ 0.05 was considered significant.

Results

The characteristics of the 22 study patients with clinical
data are depicted in Table 1. The incidence of non-trans-
plant-related diabetes among those with relevant infor-
mation in the ADPKD database was 44/1340 (3.3%),
although it should be noted that many subjects in the Uni-
versity of Colorado database are children or young adults.
All but 1 of the 22 diabetic subjects with available clinical
data and medical history managed their diabetes by oral
anti-glycemic agents or by diet. The remaining subject re-
quired insulin for diabetes management. Exclusion of the
patient on insulin therapy from data analysis did not affect
the outcome so results are presented in Table 1 based on
inclusion of all 22 subjects and of all 44 subjects in survi-
val analyses.
Patients with ADPKD and diabetes had significantly

higher BMI (P = 0.0008) and larger renal volumes than
those with ADPKD alone (P = 0.02). There were no stat-
istical differences in the occurrence of hypertension,
ESRD or death between patients with ADPKD and dia-
betes and those with ADPKD alone. However, among
those patients with known age at diagnosis of hyperten-
sion, those with ADPKD and diabetes had earlier median
age (CI) at diagnosis of hypertension, 32.5 years (28–40),
compared to those with ADPKD alone, 38 years (35–42),
P = 0.04 as depicted in Figure 1. Available data from 24
patients (19 patients with clinical data and 5 patients with
limited medical history information) with ADPKD and
diabetes was utilized to compute median age at hyperten-
sion diagnosis.
Based on inclusion of all 44 patients with ADPKD and

diabetes (14 male patients and 30 female patients),
median age at onset of ESRD did not differ between
patients with ADPKD and diabetes and those with
ADPKD alone as shown in Figure 2. There was a trend

Table 1. Characteristics of 22 diabetic patients with ADPKD who had available clinical data and 88 age- and sex-matched patients with ADPKD
alonea

Parameter ADPKD + diabetes (n = 22) ADPKD (n = 88) P-value

Age (years) 47.8 ± 10.8 47.8 ± 10.6 NS
Male/female (%male) 8/14 (36.4) 35/53 (39.8) NS
Body mass indexb 33.6 ± 7.9 26.2 ± 4.6 0.0008
Diabetes duration (years) 3.7 ± 4.4
eGFRb (mL/min/1.73 m2) 46.9 (37.1–59.1) 39.8 (34.8–45.6) NS
Total renal volumec (cm3) 2456 (1510–3992) 1358 (1186–1556) 0.02
Hypertension (%) 21/22 (95.4) 78/88 (88.6) NS
Age at hypertension diagnosisd,e (years) 32.5 (28–40) 38.0 (35–42) 0.04
ESRD (%) 4/22 (18.2) 31/88 (35.2) NS
Deceased (%) 1/22 (4.5) 13/88 (14.8) NS

NS, not significant.
Body mass index was available for 19 patients with ADPKD and diabetes.
Geometric mean (95%CI).
Age at diagnosis of hypertension was known in 24 patients with ADPKD and diabetes.
Median age at hypertension diagnosis (95%CI).
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toward earlier age at death in ADPKD patients with dia-
betes [65 years (52 to no upper limit)] compared to
patients with ADPKD alone [69 years (66–80)] as de-
picted in Figure 3, although this did not reach signifi-
cance, P = 0.09.

In order to compare the rate of decline in renal function
in patients with ADPKD and diabetes to those with dia-
betes alone, all patients with at least two measurements of
eGFR and serum creatinine were included in the analysis.
Thirteen patients with ADPKD and diabetes were in-
cluded and 71 with ADPKD alone. The mean observation
period for patients with diabetes and ADPKD was 9.5 ±
6.9 years and for those with diabetes alone 10.9 ± 6.9
years. There were no significant differences in the slopes
for eGFR decline between both groups (P = 0.9). In
patients with ADPKD and diabetes, eGFR declined at a
rate of −2.89 ± 1.24 mL/min/1.73 m2/year observed

compared to −3.10 ± 0.49 mL/min/1.73 m2/year observed
in patients with ADPKD. Age at first eGFR measurement
was included in the model used for the analysis. In a
similar manner, the rate of increase in serum creatinine
was compared in both the diabetic and non-diabetic
patient groups. Serum creatinine increased at a rate of
0.10 mg/dL/year observed in the ADPKD patients with
diabetes compared to 0.20 mg/dL/year observed in the
ADPKD patients without diabetes; the slopes were not
statistically different, P = 0.36.

Discussion

The epidemic of obesity and metabolic syndrome fostered
by modern dietary excess and lack of physical activity are
increasing worldwide and as a consequence likewise the
incidence of type II diabetes. Data from our own research
center indicate a higher body mass index in women with
ADPKD in more recent times [2], increasing the risk for
type II diabetes in the ADPKD population. Similarly, a
recent study in patients with ADPKD reported a 14% inci-
dence of the components of metabolic syndrome in
ADPKD comparable to that found in a healthy control
population [4], underlining the fact that patients with
ADPKD are at risk for type II diabetes. Based on a
survey of our ADPKD database, we identified 44/1340
subjects with type II diabetes. This incidence of 3.3% is
somewhat lower than the estimated overall US incidence of
diabetes, 7.8% [10]. However, as the prevalence of diabetes
increases with age, it should be noted that a significant
number of subjects in our ADPKD database are children
and young adults. An incidence of transplant-unrelated dia-
betes of ∼2%was previously reported based on a survey of
459 subjects from a Polish ADPKD registry [7].
In the current study, subjects with ADPKD and dia-

betes had significantly larger kidneys than age- and sex-
matched subjects with ADPKD alone [total renal volume

Fig. 1. Time to diagnosis of hypertension. From left of Figure, dashed
line represents ADPKD with diabetes and solid line represents ADPKD
no diabetes. Open circles represent censored values in Kaplan–Meier
analysis. Patients with ADPKD and diabetes had a significantly earlier
age at hypertension diagnosis [32.5 (28–40) years] compared to patients
with ADPKD alone [38 (35–42) years], P = 0.04.

Fig. 2. Time to onset of ESRD. From left of figure, dashed line
represents ADPKD with diabetes and solid line represents ADPKD no
diabetes. Open circles represent censored values in Kaplan–Meier
analysis. There was no significant difference in time to onset of ESRD
between patients with ADPKD and diabetes [63 (49 to no upper limit)
and those with ADPKD alone [65 (61–71) years], P = 0.92.

Fig. 3. Survival time until death. From left of Figure, dashed line
represents ADPKD with diabetes and solid line ADPKD represents no
diabetes. Open circles represent censored values in Kaplan–Meier
analysis. Patients with ADPKD and diabetes had a trend toward earlier
median age at death [65 (52 to no upper limit) years] compared to
patients with ADPKD alone [69 (66–80) years], but this difference did
not reach significance, P = 0.09.
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(CI): 2456 (1510–3992) versus 1358 (1186–1556) mL; P
= 0.02]. Early in disease, diabetic patients are known to
have increased kidney size secondary to mesangial expan-
sion [11–13]. However, age at onset of ESRD did not
differ significantly between the ADPKD diabetic and
non-diabetic subjects. This contrasts with the outcome of
an earlier study that suggested delayed onset of ESRD in
patients with ADPKD and diabetes compared to subjects
with ADPKD alone [5].

In the current study, the oral anti-glycemic agents uti-
lized by the diabetic subjects were either sulfonylurea
agents or metformin. McCarty et al. recently proposed
that activation of AMP-activated kinase (AMPK) by
agents such as metformin may be an effective strategy for
management of ADPKD [14] by inhibition of mammalian
target for rapamycin and cystic fibrosis transmembrane
conductance regulator. Likewise, Beckenroth and Popovt-
zer [5] suggested that sulfonylurea therapy may decrease
fluid secretion into cysts through inhibition of ATP-sensi-
tive potassium channels and CFTR. Thus, oral anti-glyce-
mic therapy may ameliorate renal disease progression to a
certain extent in diabetic patients with ADPKD. This may
partially compensate for the additional renal injury associ-
ated with diabetes and account for the similarity in age at
ESRD between diabetic and non-diabetic patients with
ADPKD. However, a longitudinal study would be necess-
ary to test this hypothesis.

One significant finding in the current study was the
earlier age at hypertension diagnosis in subjects with
ADPKD and diabetes compared to those with ADPKD
alone; 32.5 (28–40) versus 38 (35–42) years, P = 0.04 as
shown in Figure 1. In addition, the trend toward earlier
age at death in subjects with ADPKD and diabetes
coupled with no difference in age at onset of ESRD or
rate of renal function decline would suggest that death
results from causes other than renal failure. In a previous
study, cardiovascular disease was shown to dominate the
clinical picture in ADPKD patients with diabetes [5].
Indeed, since introduction of renal replacement therapy,
cardiovascular complications are the leading causes of
death in patients with ADPKD [15, 16]. Similarly, among
subjects with diabetes, the incidence of heart disease and
stroke is approximately two to four times higher than in
the general population [10]. Earlier onset of hypertension
in patients with ADPKD and diabetes may exacerbate the
risk for cardiovascular complications. Thus, subjects with
both ADPKD and diabetes may be at significantly greater
risk for cardiovascular complications and associated
heightened risk for earlier death. In fact, a large recent
study of ADPKD patients in the United Kingdom demon-
strated that mortality was significantly higher in ADPKD
patients with diabetes [17].

In conclusion, patients with ADPKD and diabetes have
larger kidneys, earlier age at hypertension diagnosis and
trend toward earlier age at death compared to patients
with ADPKD alone. Exercise and healthy weight man-
agement should therefore be emphasized in patients with
ADPKD.
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